affecting the crop in that region. 2 The effectiveness of mealybugs as virus vectors is species 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 produce artificial heteroduplexes which should enhance the differentiation in melting curves. from template H2 with an HRM procedure comprising: a first step at 95°C for 2 min, a hold 10 at 50°C for 2 min and then a melting step of 59°C for 90 s followed by a graduated increase 11 of 0.1°C with a 2s hold at each step up to 75°C. Fluorescence levels were acquired at the end 12 of each step and a melting curve of the PCR product was obtained from the recorded values.
13
The melting curves were normalized by calculation of the 'line of best fit' between 14 normalization regions before and after the major fluorescence decrease. 
Statistical analysis

17
The HRMA was assessed for statistically significant identification of specific CO1 18 sequence haplotypes. The significance of observed differences between treatments in melt 19 phase midpoint temperature (Tm) and altered curve shape was calculated using Rotor-Gene The ScreenClust software calculates the optimal number of clusters and allocates each 1 sample to the most appropriate cluster (indicating which nucleotide sequence differences 2 generate significantly different HRM curves), provides the probability that each sample 3 belongs to the assigned cluster(s) and shows the typicality of samples within its allocated 4 cluster. To optimise the discriminatory power, a preliminary analysis was run by fixing the 5 maximum number of possible clusters to 11 distinct haplotypes (supervised mode) and then 6 compared to the optimal number of clusters generated automatically by the software 7 (unsupervised mode). Only groups of samples separated by both types of analysis and with 8 probabilities >0.999 and typicalities >0.05 were deemed statistically different. Twenty seven nucleotides out of the 115 bp section of the CO1 region sequenced in 1 this study were polymorphic and enabled the characterization of all 11 haplotypes (see Table   2 2). product from the reference sample H2 (KM378731). As expected for an identical sequence 6 haplotype, HRM curves of replicate samples from H2 spiked and non-spiked samples showed 7 no differences in profile (Fig. 2) . Furthermore, Sample Clustering Analysis (SCA) showed 8 high probabilities (P) and typicalities (T) of the H2 samples exposed or not to spiking 9 belonging to the same haplotype cluster 6 (P>0.999; T>0.05) (Fig. 3 , Table 3 ). In contrast,
10
the analysis by heteroduplexing with H2 of the 10 remaining haplotype sequences described 11 in this study generated significantly different melting patterns from H2 (Fig. 2) . Furthermore, 12 these samples clustered according to their haplotype and in distinct locations from H2 ( Fig.   13 3). Analysis also showed highly significant P and T values for all samples belonging to their 14 own assigned haplotype cluster (P>0.999; T>0.05) ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 Table 3 . ScreenClust HRM analysis cluster, typicality and probability results of 11 mealybug CO1 haplotypes.
Haplotype (b) Typicality measures how well a sample falls within the cluster for which it has been classified.
(c) Probability of each sample fitting into a particular cluster is given as a value from 0 to 1. The sum of all probability values for a single sample is 1.
Each sample is called into the cluster with the highest probability. Samples with a probability of less than 0.7 of belonging to a particular cluster should be treated with caution.
* indicates the result for the screen of both test and reference sample H2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 
